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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Overview 
 
 
Radio link is very important in communication systems. Large number of 
parameters must be considered and optimized to build an efficient radio link. That is, 
radio signals must suffer minimum degradation possible. For reliable communication 
link, selection of operating frequency and possible atmospheric attenuation must be 
studied and understood. Since the governing body usually determines the operating 
frequency, attenuation, especially due to rain, has become the subject of numerous 
studies and researches. For good engineering and economic practice, it is always 
desirable to reduce cost of a system and avoid interference to other radio systems. 
Some factors which introduce attenuation to radio propagation are gaseous 
absorption, absorption and scattering due to clouds, fogs, precipitation, atmospheric 
turbulence and ionospheric effects. Since Malaysia is in the tropical region, studies 
of attenuation due to hydrometers are very important. Rain, hail, ice, cloud and snow 
are all types of hydrometers but raindrops cause the most attenuation by absorption 
and scattering of radio waves. Eventhough the International Telecommunication 
Union (ITU) recommends a technique to estimate rain attenuation, studies (Ajayi et 
al, 1988; Juy et al, 1990; Yagasena et al, 1995) have shown that results using this 
techniques does not agree with actual measurements done locally. This is 
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understandable as the recommendation is meant to be applicable to wide area as 
possible and most studies were done using temperate region data. Thus, local studies 
are needed and based on these studies; a model for rain attenuation in Malaysia can 
be developed. 
 
 
 
 
1.2 Problem Statement 
 
 
Power budget and fade margin are important factors to be considered in 
designing microwave transmission systems. The world of telecommunication is very 
competitive such that when providing for a system, careful infrastructure planning is 
needed to avoid unnecessary costs. 
 
 
Microwave links are designed to meet specific reliability factor. Reliability, 
or sometimes is known as availability of a system, is usually expressed as a 
percentage. It represents the percentage of the time the link is expected to operate 
without an outage caused by propagation conditions. It has been widely accepted that 
a good communication system must provide at least 99.99% reliability (IEEE, 2004; 
ITU-R SA 1414). In other words, the system can only be down for 0.01% of the 
time, which is usually referenced to a year. This means that the system can be 
unavailable for no less than 52.6 minutes per year [365.25*24*60*0.01/100]. (For 
emergencies, call 999; for no emergency, it is 99.99%!) 
 
 
A very important factor that affects path reliability is rain attenuation. It also 
contributes in power budget and fade margin considerations. Thus, it is very 
important to properly quantify rain attenuation. Due to the nature of rain events, a 
reduction factor is needed in order to calculate rain attenuation. 
A rain event occurring in an area is not constant. Rain does not distribute 
evenly in a region experiencing precipitation. Even though specific attenuation due 
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to rain for a specific distance or per kilometer can be formulated; there arises a need 
to find a reduction factor to account for the non-uniformity of rain for larger 
distances. This is especially crucial in tropical regions as rain has been found to be 
more convective in nature rather than widespread. Tropical region also suffers 
heavier rainfall rates as compared to temperate regions. 
 
 
To formulate the reduction factor, the experimental procedure would requires 
several links with different path lengths to be set up in close proximity. However, 
this would be very difficult to be constructed. An alternative approach is to use radar 
data to obtain attenuation statistics for simulated links of various lengths. 
 
 
In addition, even after a proposed microwave link has been evaluated with 
regard to reliability, the calculations may show that it will not meet the required 
standards. Or a designer may want to improve the reliability of the 
telecommunication system. In this situation, mitigation techniques such as diversity 
may be employed. 
 
 
One such technique is space diversity where an additional receiver may be 
constructed (Nor Hisham Khamis et al, 2000). By switching and/or combining the 
signals received by the two receivers, the reliability of the communication link is 
greatly increased. An important parameter to consider is site separation or the 
distance between the two receivers. When spacing is adequate between the two 
receivers, there should be little correlation between the two paths. Site separation or 
distance is used to determine the diversity improvement factor and diversity gain 
when employing diversity (ITU-R P.618-5, 1997). Knowing rain cell size 
distribution will help to determine site separation. 
 
 
Thus, the aim of this thesis is to find the reduction factor to be used in rain 
attenuation calculation using radar data, and also to determine the rain cell size 
distribution needed for site diversity application using rain gauge networks. 
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1.3 Objectives 
 
 
The objectives ensure that the aim of this study is achieved. These objectives 
are contributions accomplished during this study. The objective of this study are as 
follows. 
 
 
To formulate a suitable reduction factor (r), to be used in the calculation of 
attenuation due to rain in the local Malaysian environment from the local weather 
radar data obtained from the Meteorological Department of Malaysia. 
 
 
To estimate the attenuation due to rain using the formulated r and other 
models proposed by other researchers, and compare the results with measured values. 
 
 
To find the profile of rain rate distribution inside a rain cell and to determine 
the rain cell size distribution of local rain. 
 
 
 
 
1.4 Scope of Study 
 
 
The scope of study indicates the basic guidelines and techniques that this 
study examined in achieving the objectives. It also ensures that the work done stays 
within the intended study. 
 
 
There are two types of data that are utilized in this study, radar data and rain 
gauge network data. 
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Radar data gives the averaged rainfall rate for a range-bin size of 1-km each. 
This rainfall data is used to calculate the rain attenuation for ‘virtual’ microwave 
links of 1 to 10-km path lengths. Attenuation due to rain is then calculated using the 
rainfall rate from the radar data. Reduction factor is then deduced from the rain 
attenuation calculation. The radar data is obtained from the Kluang Radar Station of 
the Meteorological Department of Malaysia. 
 
 
Rain cell size distribution is also obtained from radar data. However, rain cell 
size distribution from radar data is limited to 1-km integration size. This is due to the 
fact that the radar uses a range bin size of 1 km. 
 
 
To determine the profile of rain rate distribution inside a cell, rain gauge 
networks were utilized. These rain gauge networks consisted of several rain gauges 
that were fixed in almost a single line. Rain gauge gives point rainfall rate values. 
Rain intensity profile inside a cell, and rain cell size are obtained from rain gauge 
networks. Two rain gauge networks have been set up in UTM, Skudai campus. 
 
 
 
 
1.5 Outline of Thesis 
 
 
The outline of this thesis indicates the organization of this thesis. This thesis 
is separated into 6 chapters. 
 
 
Chapter One gives the introduction to this study, the problem statement, 
objectives, and the scope of this study. 
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Chapter Two focuses on the methodology that was used in this study. It 
discusses the feasibility of a study using radar data, some issues concerning radar, 
rain gauge networks and rain cell size. 
 
 
Chapter Three goes through the theory on attenuation due to rain, and 
explained some parameters that important in propagation study. It also reviews a 
couple of rain models and some reduction factors models. 
 
 
Chapter Four explains the rain gauge networks that were set up in this study. 
It also explains the data that were obtained from the Kluang radar, and how the data 
were retrieved. 
 
 
Chapter Five is an important part of this project. It analyses both data that 
were utilized in this study. Results in this study are given in this chapter. The main 
contribution of this study which the formulation of a reduction factor, is also given in 
this chapter. Comparison with other models and actual measurement are also done. 
 
 
Chapter Six concludes this study. It discusses the results of this study and 
shows that the objectives of this study are achieved. Future studies are also briefly 
given. 
 
